Spatial and temporal patterns of spawning activity are important measures of resilience in fishes that directly link environmental disturbances with reproductive success. We acoustically monitored spawning in spotted seatrout (Cynoscion nebulosus) from April through September 2017 at 15 sites near Port Aransas, Texas, which coincided with the landfall of a category 4 hurricane (Harvey) on 25 August. Spawning sounds were recorded every day of the study across all sites and were also confirmed during the hurricane at two sites located within the eye of the storm. Daily spawning continued after the hurricane, but the onset of spawning shifted 2.12 h earlier for 5 days, after which it returned to the pre-storm schedule. These results illustrate the resilience of seatrout to intense, episodic disturbances and offer insights on the phenotypic plasticity of estuarine fishes to cope with projected increases in environmental variability.
Introduction
Estuaries are characterized by episodic disturbances and highly variable environmental conditions, which are often coupled with multiple anthropogenic stressors owing to their coastal locations and fisheries productivity [1] [2] [3] . Fishes inhabiting these environments have evolved a suite of phenotypically plastic traits to maintain productivity in response to disturbances, which may provide insight as to how species will respond to climate change and increased human impacts. Reproductive resilience describes the capacity of a population to maintain the reproductive success needed for long-term population stability while enduring disturbances [4] . Spawning locations, timing and periodicity are progressively being recognized as important aspects of resilience in fish populations, because the number of spawning sites and frequency of spawning are directly related to reproductive success [5, 6] . Catastrophic events such as hurricanes cause major disturbances over short time periods that can inhibit reproductive activity [7, 8] , and as such, provide an empirical test of resilience.
Listening to fish using passive acoustics (hydrophones) is an efficient approach for remotely monitoring reproductive timing and activity for fishes in the 'drum' family (Sciaenidae) that produce spawning-associated sounds. Sounds produced by species can be identified within recordings, with their amplitudes estimated as sound pressure levels (SPL) over different frequencies [9, 10] . In the spotted seatrout (Cynoscion nebulosus), males produce sounds during spawning in synchrony with the timing and in proportion to the volume of eggs released by females [10, 11] , allowing the use of passive acoustics to monitor reproductive activity in this species.
We monitored spawning activity of seatrout at 15 sites to determine how the frequency and duration of spawning varied with environmental conditions, including a hurricane, to assess their resilience. Hurricane Harvey was a category 4 storm with an eye diameter of 28 km that made landfall 9 km east of Rockport, Texas on 25 August 2017 at 17.00 h CST. Maximum sustained winds were 59 m s with gusts up to 65 m s
21
, and the storm surge caused water levels to rise up to 3.8 metres above ground level [12] .
Methods
SNAP (Loggerhead Instruments) and SoundTrap (Ocean Instruments) underwater acoustic recorders fitted with a hydrophone (average sensitivity: 2170 dBV re: 1 mPa; High-Tech, Inc. HTI: 96 min) were deployed at each site to monitor spawning activity of seatrout from April to September 2017 (figure 1). Recordings were made for 1 min every 10 min. Data on salinity and temperature were acquired from monitoring stations maintained by the Mission-Aransas National Estuarine Research Reserve.
Pressure spectral density graphs were used to identify the dominant frequency bandwidth of seatrout sounds and to rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180579 differentiate them from sounds produced by other species, primarily Bairdiella chrysoura. Spectrograms and aural verification were used to confirm sounds produced by male seatrout. The number of days spawning occurred was recorded, along with the onset time and duration of calling. Recordings were analysed in Matlab (The Mathworks, USA) to determine the frequency bandwidth of seatrout chorusing and calculate the mean SPL (dB rms re: 1 mPa) over the 250 -500 Hz band (electronic supplementary material). The average SPL between spawning and non-spawning times were compared using a Wilcoxon test, as were the average onset time and conclusion time of spawning before and after the hurricane. The onset time of spawning was regressed against water temperature and day length to test for causal relationships. Direct comparisons of SPL among sites to infer the relative intensity of spawning was not possible owing to uncertainty in the proximity of fish to each hydrophone.
Results
Twelve monitoring sites were in place on 18 April 2017, and four additional sites were installed 26 June 2017. Hydrophones were removed from seven sites on 24 August in preparation for the hurricane; two hydrophones were lost in the hurricane, and the remaining seven were removed on 13 September 2017 ( figure 2 ). In the 5 days after the hurricane, the water temperature decreased to 23.1 + 0.68C (CI 95 ). Salinity monitors were damaged in the hurricane but a point measurement taken after the storm indicated that salinity had dropped to as low as 9.6 ppt [13] . 
Discussion
Productivity and resilience are characteristics that determine how a population will respond to adversity in the form of natural and anthropogenic perturbations [5, 6, 14] . We show that seatrout spawning occurred throughout the estuary daily from April to September 2017, indicating that seatrout are extremely productive over a protracted spawning season. This life-history strategy has been described as opportunistic and illustrates bet hedging, which is marked by distributing reproductive effort over time and space, and ultimately results in high resilience [15] . The acute impact of a major hurricane provides a direct test of resilience and how a species will deal with episodic environmental stressors. Effects of a category four hurricane on seatrout spawning were limited to shifts in onset timing rather than reductions in occurrence. Further, onset time of spawning returned to the pre-hurricane schedule within 5 days, suggesting that reproductive behaviour of seatrout is resilient to environmental disturbance. These characteristics may persist throughout the family Sciaenidae, as sand seatrout (Cynoscion arenarius) were observed spawning shortly after the passing of Hurricane Charley in Florida in 2004 rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180579 [16] . Although the present study is the first to report widespread spawning while a hurricane was directly overhead, the onset time of spawning shifted earlier in both studies. Water temperature is a strong exogenous cue associated with spawning seasonality [17] . Fishes with extended spawning seasons often reproduce over a wide range of temperatures and thus may be more resilient to rapid changes in environmental conditions that accompany extreme weather events [18, 19] . Our data indicate that the decrease in water temperature after the hurricane may have triggered the change in the onset time of spawning. Spotted seatrout begin spawning with increasing spring water temperatures in the range of 20-248C [11, 20, 21] . The onset timing of spawning is 2-3 h earlier in the spring than later in the season, when water temperatures can exceed 328C [21] .
Reproductive strategies are complex, adaptable systems that have evolved in response to patterns in natural mortality and resource abundance [22, 23] . Fixed and behavioural traits within a reproductive strategy are selected for over evolutionary timescales to ensure population persistence within a given spatial and environmental context [6] . Environmental forcing, operating at ecological timescales, inserts stochasticity into this system, functioning either as an on/off switch or as a modulator of the degree to which biological attributes can function. Future extreme weather events are predicted to be more frequent and more intense; in facing the Anthropocene's rsbl.royalsocietypublishing.org Biol. Lett. 14: 20180579
